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Summary  An  86-year-old  woman  was  referred  to  our  hospital  for  the  management  of  rapid
onset of  chest  pain.  Blood  analysis  showed  increased  levels  of  cardiac  enzymes  and  B-type
natriuretic  peptide.  An  electrocardiogram  showed  poor  R  wave  in  precordial  leads  and  a  QS
wave in  lead  V4.  A  chest  roentgenogram  showed  mild  pulmonary  congestion.  An  echocardiogram
showed hypokinesis  of  the  broad  anterior  wall  of  the  left  ventricle  (LV).  A  pulsed  Doppler
echocardiogram  of  mitral  inﬂow  revealed  an  abnormal  relaxation  pattern.  After  increasing
the preload  by  leg  elevation,  an  intermittent  triphasic  mitral  inﬂow  pattern  emerged.  The
patient underwent  emergent  cardiac  catheterization  for  acute  coronary  syndrome  (ACS).  A
pressure study  after  leg  elevation  disclosed  an  elevation  in  LV  diastolic  pressure  and  a  ‘‘dip-up-
down pattern.’’  The  patient  underwent  percutaneous  coronary  intervention  of  the  left  anterior
descending  artery.  This  case  showed  that  a  triphasic  mitral  inﬂow  pattern  is  observed  not  only
in hypertrophic  diastolic  heart  failure  but  also  in  ACS.  The  triphasic  pattern  may  be  observed
in the  case  of  low  LV  distensibility  and  markedly  increased  preload.  This  is  the  ﬁrst  case  report
describing triphasic  mitral  inﬂow  in  ACS  and  demonstrating  the  pathophysiology  of  a  triphasic
mitral inﬂow  pattern.
© 2011  Japanese  College  of  Cardiology.  Published  by  Elsevier  Ltd.  All  rights  reserved.∗ Corresponding author. Tel.: +81 96 242 1000;
ax: +81 96 249 1900.
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oi:10.1016/j.jccase.2011.08.009ntroductionitral  inﬂow  has  two  components:  rapid  ﬁlling  (E  wave)  and
ate  ﬁlling  with  atrial  contraction  (A  wave).  However,  tripha-
ic  mitral  inﬂow  may  be  observed  in  some  patients  with  left
entricular  (LV)  hypertrophy  [1—4]. Although  mechanisms
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zation  for  ACS.  A  hemodynamic  study  performed  using
a  Swan—Ganz  catheter  revealed  that  the  cardiac  output
was  2.9  L  min−1;  cardiac  index,  2.1  L  min−1 m−2;  pulmonary
Figure  2  Pulsed  Doppler  echocardiogram  of  mitral  inﬂowFigure  1  Apical  long-axis  two-dimensional  echocardiograms  
severe hypokinesis  in  the  anteroseptal  and  apical  wall  (arrow).
underlying  triphasic  mitral  inﬂow  are  unclear,  the  extension
of  active  LV  relaxation  to  mid-diastole  is  considered  to  be  the
main  cause  [3,4]. This  case  report  describes  triphasic  mitral
inﬂow  in  a  patient  with  acute  coronary  syndrome  (ACS)  as
well  as  the  possible  underlying  mechanisms  responsible  for
triphasic  mitral  inﬂow  that  were  determined  using  pressure
data  obtained  on  cardiac  catheterization.
Case report
An  86-year-old  woman  with  rheumatoid  arthritis  was
referred  to  our  hospital  for  the  management  of  chest  pain
that  had  rapid  onset  and  had  persisted  for  several  days.
On  admission,  the  pulse  oximetry  saturation  was  96%;  pulse
rate,  84  beat/min;  and  blood  pressure,  128/83  mmHg.  Her
heart  and  respiratory  sounds  were  normal,  and  pretibial
edema  was  not  observed.  Blood  analysis  showed  a nor-
mal  hemogram  and  increased  levels  of  cardiac  enzymes
(aspartate  aminotransferase,  33  IU/L;  lactate  dehydroge-
nase,  281  IU/L;  and  creatine  phosphokinase,  109  IU/L)  and
B-type  natriuretic  peptide  (1735.4  pg/mL).  A  point-of-care
troponin  T  test  yielded  a  positive  result.  An  electrocar-
diogram  showed  left  atrial  overload,  poor  R-wave  in  the
precordial  leads,  and  a  QS  wave  in  lead  V4.  A  chest
roentgenogram  showed  mild  pulmonary  congestion  and  a
high  cardiothoracic  ratio  (63%).
An  echocardiogram  showed  hypokinesis  of  the  anterosep-
tal  and  apical  wall  of  the  LV  (Fig.  1).  The  LV  end-diastolic
and  end-systolic  dimension  were  53  mm  and  40  mm,  respec-
tively;  ejection  fraction  as  assessed  using  the  modiﬁed
Simpson  method  was  47%.  The  septal  and  posterior  wall
thicknesses  at  the  end-diastole  were  8  mm  each,  and  the
left  atrial  dimension  at  end-systole  was  40  mm.  A  color
Doppler  echocardiogram  did  not  show  signiﬁcant  valvular
heart  disease.  The  early  diastolic  mitral  annular  velocity
(E′)  measured  by  tissue  Doppler  imaging  was  4  cm/s,  and
the  ratio  of  early  diastolic  mitral  ﬂow  velocity  (E)  to  E′
(E/E′)  was  14.6.  A  pulsed  Doppler  echocardiogram  of  mitral
inﬂow  showed  an  abnormal  relaxation  pattern  (Fig.  2,  upper
panel).  After  an  increase  in  preload  due  to  leg  elevation,  an
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pnd-diastole  (left  panel)  and  end-systole  (right  panel)  showing
ntermittent  triphasic  mitral  inﬂow  pattern  with  a  short  E
ave  deceleration  time  was  observed  (Fig.  2,  lower  panel).
The  patient  underwent  emergency  cardiac  catheteri-howed  an  abnormal  relaxation  pattern  (left  panel).  An  inter-
ittent  triphasic  mitral  inﬂow  pattern  with  a  short  deceleration
ime of  the  E  wave  was  observed  after  leg  elevation  (right
anel).
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Figure  3  In  the  resting  supine  position  (A),  both  the  PAW  and  LV  diastolic  pressures  were  low  and  almost  equal.  After  leg  elevation
(B-1 and  B-2,  continuous  recording),  both  PAW  and  LV  diastolic  pressures  increased  in  accordance  with  respiratory  variation.  At  a
high PAW  pressure,  the  LV  diastolic  pressure  showed  an  elevation  in  the  early  ‘‘dip,’’  with  a  subsequent  transient  elevation  (upwards
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In this  case,  the  baseline  pulsed  Doppler  mitral  inﬂow
F
drrow) and  decline  (downwards  arrow),  thus  exhibiting  a  ‘‘dip-u
rtery  wedge  (PAW)  pressure,  8  mmHg  (Fig.  3A);  pulmonary
rtery  pressure,  26/4  (15)  mmHg,  mean  right  atrial  pressure,
 mmHg;  and  LV  end-diastolic  pressure,  19  mmHg.  After  an
ncrease  in  preload  due  to  leg  elevation,  the  PAW  pressure
ncreased  in  accordance  with  the  respiratory  change  (Fig.  3,
-1  to  B-2).  Moreover,  the  increase  in  PAW  pressure  was
ccompanied  with  a  transient  increase  in  the  LV  diastolic
ressure  after  the  dip.  Because  the  coronary  arteriogram
howed  99%  stenosis  of  the  left  anterior  descending  artery,
he  patient  underwent  coronary  artery  stent  implantation
Fig.  4).  The  patient  was  subsequently  discharged  without
ny  signiﬁcant  complications.
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igure  4  Coronary  arteriogram  showed  99%  stenosis  of  the  left
isappeared after  performing  emergent  coronary  artery  stent  implawn’’  pattern.  LV,  left  ventricle;  PAW,  pulmonary  artery  wedge.
iscussion
his  is  the  ﬁrst  case  report  describing  a  triphasic  mitral
nﬂow  pattern  in  ACS.  The  results  for  this  patient  suggest
hat  triphasic  mitral  inﬂow  is  not  exclusive  to  patients  with
 hypertrophic  myocardium  with  markedly  prolonged  relax-
tion  but  is  also  observed  in  patients  with  other  cardiac
iseases.attern  showed  an  abnormal  relaxation;  in  addition,  a
riphasic  pattern  was  observed  after  leg  elevation.  Ha  et  al.
3]  also  reported  a  case  wherein  an  abnormal  relaxation
 anterior  descending  artery  (left  panel).  The  stenotic  lesion
ntation  (right  panel).
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[Triphasic  mitral  inﬂow  in  acute  coronary  syndrome:  A  case  s
pattern  was  observed;  this  pattern  became  triphasic  after
elevating  both  legs  for  3  min.  In  the  same  study,  they  also
reported  that  triphasic  ﬂow  disappeared  in  10  of  17  patients
after  performing  the  Valsalva  maneuver.  Their  report  and
the  results  obtained  from  our  study  suggest  that  an  impaired
relaxation  pattern  would  become  triphasic  after  an  increase
in  preload  and  would  return  back  to  normal  when  the
preload  decreased.
To examine  the  mechanism  underlying  the  effect  of
increased  preload  on  the  triphasic  mitral  inﬂow  pattern,  we
measured  the  PAW  and  LV  pressures  simultaneously  before
and  after  leg  elevation  (Fig.  3).  In  the  resting  supine  posi-
tion,  both  PAW  and  LV  diastolic  pressures  were  low  and
almost  equal  (Fig.  3A).  However,  after  leg  elevation,  both
pressures  increased  with  respiratory  variation  (Fig.  3,  B-1
to  B-2).  Moreover,  at  high  PAW  pressure,  the  LV  diastolic
pressure  exhibited  an  early  diastolic  ‘‘dip’’  with  subsequent
transient  elevation,  which  may  be  a  deviation  from  the  orig-
inal  pressure—volume  relationship.
Recently,  we  reported  the  case  of  a  patient  with  LV  hyper-
trophy  and  a  triphasic  mitral  inﬂow  pattern  [5].  In  that  study,
we  simultaneously  measured  the  PAW  and  LV  pressures  and
found  that  the  early  ‘‘dip’’  was  higher  than  the  original
pressure—volume  curve  and  was  not  the  ‘‘nadir.’’
In  the  presence  of  an  impaired  distensibility,  a  high
preload  may  cause  an  abrupt  elevation  in  the  LV  pres-
sure  during  early  diastole.  The  LV  pressure  subsequently
decreases  during  the  mid-diastole,  thus,  conforming  to  the
original  pressure—volume  curve.  This  diastolic  LV  pressure
tracing  may  be  referred  to  as  a  ‘‘dip-up-down’’  pattern  and
may  be  responsible  for  the  triphasic  mitral  inﬂow  pattern.
Although  the  triphasic  mitral  inﬂow  pattern  observed
in  the  current  case  might  be  caused  by  a  similar  mech-
anism  to  that  in  our  previous  case  as  described  above,
several  differences  were  noted  between  them.  In  the  pre-
vious  case,  increased  preload  with  high  PAW  pressure  was
already  present  at  rest  owing  to  LV  hypertrophy  and  mitral
regurgitation.  The  current  case  did  not  have  any  signif-
icant  LV  hypertrophy  or  mitral  regurgitation,  but  had  LV
[ e159
synergy  associated  with  ACS.  In  addition,  the  triphasic
itral  inﬂow  pattern  and  dip-up-down  pattern  were  only
bserved  during  leg  elevation.  The  triphasic  mitral  inﬂow
attern  induced  by  a  transient  increase  in  preload  may
ndicate  imminent  danger  of  serious  heart  failure  due  to
iastolic  decompensation.
In  conclusion,  this  report  describes  a  rare  case  of  tripha-
ic  mitral  inﬂow  in  ACS  and  shows  the  pathophysiology  of
he  triphasic  mitral  inﬂow  pattern.
tudy limitation
n  this  study,  intracardiac  pressures  were  measured  using  a
ater-ﬁlled  pressure  transducer.  Moreover,  the  PAW  pressure
as  measured  as  an  estimate  of  the  left  atrial  (LA)  pres-
ure.  Several  factors,  such  as  time  delay,  may  affect  the
elationship  between  PAW  pressure  and  direct  LA  pressure.
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